Objective -To assess the surgical results of endoventricular patch plasty repair in akinetic and dyskinetic left ventricular areas.
Late Results of Endoventricular Patch Plasty Repair in Akinetic and Dyskinetic Areas After Acute Myocardial Infarction Original Article
An ischemic event may impair the interventricular septum with both akinetic and dyskinetic alterations. As that is not a resectable tissue, special techniques have been developed for its surgical treatment. In 1985, Cooley et al 1 reported on the endoaneurysmorrhaphy technique for correcting left ventricular aneurysms, according to which aneurysms were more appropriately treated using a Dacron flap. Since 1991, we have been using this technique with preserved bovine pericardium, and our first results were published in 1991 and 1993 2, 3 . The incidence of left ventricular aneurysms after acute myocardial infarction depends on the diagnostic methods used. Studies based on clinical criteria and autopsy findings indicate an incidence ranging from 10% to 15%. These data were obtained prior to thrombolytic therapy and angioplasty, and the impact of these types of treatment in the incidence of aneurysms remains unknown 4 . Transmural myocardial infarction may cause early or late alterations in the left ventricular wall 5 . Dyskinesia represents the paradoxical movement of the infarction scar 6 and is considered the true aneurysm. Akinesia represents the situation in which the scar remains motionless.
Both akinetic and dyskinetic segments may lead to chronic heart failure and a reduction in left ventricular ejection fraction throughout the years. Enlargement of the left ventricular cavity results in an increase in ventricular wall tension, causing an increase in the work of the residual healthy heart muscle. This results in ischemic distress, which, in the future, may lead to a reduction in systolic function 7, 8 . In true aneurysms, surgery has always been indicated in the presence of difficult to control heart failure, ventricular arrhythmias, angina refractory to clinical treatment, thromboembolism, or when the patients are referred for revascularization surgery [3] [4] [5] [6] [7] [8] [9] . Current studies have shown that early repair of both akinetic and dyskinetic areas after acute myocardial infarction prevents the impairment of healthy heart muscle, avoiding remodeling that leads to progressive dilation and the appearance of heart failure symptoms 10 .
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Both akinetic and dyskinetic alterations are treated with the use of endoaneurysmorrhaphy, and, in the cases of akinesia, endoventricular patch plasty repair is the most appropriate denomination for the technique. The literature [11] [12] [13] shows that this is the most physiological manner of repairing the ventricular geometry, reconstructing the apex, and eliminating distension.
The objective of this study was to analyze early and late clinical results and also to hemodynamically assess endoaneurysmorrhaphy or endoventricular patch plasty repair in patients with left ventricular dysfunction and akinetic or dyskinetic areas. Clinical and hemodynamic data of the patients who died early and of those who survived were compared and revealed factors that influenced mortality.
Methods
From January 1991 to December 2000, 108 patients underwent endoaneurysmorrhaphy according to Cooley's technique 1 , using a flap of preserved bovine pericardium ( fig. 1 ). The first 52 patients were studied.
Endoaneurysmorrhaphy surgery begins with a ventriculotomy at the left ventricular apex. Thrombi, when present in the cavity, are removed. The left ventricle is carefully inspected, and the precise transition zone between the fibrous and healthy myocardial tissue is identified.
A flap of bovine pericardium is molded according to the reconstitution of the left ventricular apex and sutured with Prolene 3.0 suture thread in the transition line between the fibrous and the healthy endocardial tissue, following the suture line adjacent to the interventricular septum, remodeling the apex.
Distortions present in the left ventricular apex and in its septum are excluded with this process, aiming at reducing the left ventricular cavity, with a consequent reduction in ventricular wall pressure and reorganization of the healthy myocardial area. This leads to a reduction in cardiac work and oxygen consumption.
Then the ventriculotomy is sutured with Prolene 2.0 suture thread and myocardial revascularization is performed with mammary artery or saphenous vein bypass grafts, according to the need assessed during the catheterization prior to surgery.
In regard to the characteristics of our sample, we observed that the mean age of the patients was 58 years, the youngest was 35 and the oldest 76. Of these 52 patients, 34 (65.4%) were males and 18 (34.6%) were females. The mean age for both sexes was 58 years. All patients had experienced a previous acute myocardial infarction, which resulted in left ventricular akinetic or dyskinetic alterations, or both. The preoperative functional class according to New York Heart Association (NYHA) criteria was as follows: class I in 1 (1.9%) patient; class II in 2 (3.8%) patients; class III in 23 (44.2%) patients; and class IV in 26 (50%) patients.
In regard to cardiopulmonary events prior to surgery, we observed 2 (3.8%) patients with chronic obstructive pulmonary disease, 24 (45.6%) patients with systemic hypertension, 21 (40.4%) patients with previous heart failure, and 1 (1.9%) patient with reverted cardiopulmonary arrest.
In our study, 17 (32.7%) patients had had an acute myocardial infarction (AMI) in the preceding 6 months, 6 (11.5%) patients had had an AMI between 6 months and 1 year before, 8 (15.4%) had had an AMI between 1 and 2 years before, and 21 (40.4%) had had an AMI more than 2 years before. The number of preoperative AMI varied as follows: 42 (80.8%) patients had had 1 previous AMI; 8 (15.4%) patients had had 2 AMIs; 1 (1.9%) patient had had 3 AMIs; and 1 (1.9%) patient had had 4 AMIs.
Preoperative electrocardiography revealed 1 (1.9%) patient with sinus bradycardia, 1 (1.9%) patient with atrial fibrillation, and 1 (1.9%) patient with sustained ventricular tachycardia. The remaining patients had sinus rhythm. Atrioventricular conduction was normal in 49 patients; 2 (3.8%) patients had first-degree atrioventricular block, and 1 (1.9%) had complete left bundle-branch block. Of the 52 patients, 1 (1.9%) had atrial septal defect.
Data from the preoperative catheterization were also analyzed. Some patients underwent catheterization in other services, which did not provide us with total access to the results. We were able to obtain the ejection fraction of 47 (89.3%) patients and the left ventricular dimensions of 43 (81.7%) patients. The catheterization showed 22 (42.3%) patients with left ventricular akinesia and 30 (57.7%) with dyskinesia. The mean ejection fraction was 45.6±14%, the left ventricular final diastolic volume was 139±84 mL, and the left ventricular final systolic volume was 73.7±50 mL.
In regard to the expansion of coronary artery disease, 6 (11.5%) patients had lesions in 1 vessel, 17 (32.7%) had lesions in 2 vessels, 26 (50%) in 3 vessels, and 3 (5.8%) had lesions in 4 vessels.
The mean duration of extracorporeal circulation was 
Results
The characteristics of our sample are similar to those of other studies, with a prevalence of male patients and a mean age over 50 years.
After surgery, we had 4 (7.6%) early deaths in the first postoperative month, 1 (1.9%) death due to low cardiac output, 1 (1.9%) due to respiratory insufficiency, 1 (1.9%) due to arrhythmia, and 1 (1.9%) due to septicemia (tab. I).
The complications in the early postoperative period were as follows: 1 (1.9%) patient had alterations in conduction of the first-and second-degree atrioventricular block type; 4 (7.6%) had atrial fibrillation; 2 (3.8%) had ventricular tachycardia; 5 (9.6%) patients had low cardiac output, 2 due to bleeding and requiring reoperation; and 3 patients had acute left ventricular dysfunction. Of these 3 patients, 2 required the Bio-Pump to leave extracorporeal circulation, and 1 required intraaortic balloon. In the postoperative period, 2 patients had acute respiratory insufficiency.
Postoperative electrocardiography was not performed in 1 (1.9%) patient, and in 41 (77.9%) patients it was identical to that of the preoperative period. One (1.9%) patient had AV conduction disorders, 1 (1.9%) had ventricular extrasystole, 4 (7.7%) had acute atrial fibrillation, 2 (3.8%) had supraventricular tachycardia, and 2 (3.8%) had ventricular tachycardia. In regard to alterations in the ST segment, 1 (1.9%) patient had alterations in the anterior wall, and the other (1.9%) patient had alterations in the inferior wall.
Of our patients, 1 (1.9%) had sepsis and another (1.9%) had mediastinal infection.
Forty-seven (89.3%) patients were discharged in good condition, and 1 (1.9%) persisted with arrhythmia difficult to control.
From July to August 1998, we screened 44 patients through clinical-medical visits or telephone interviews. The mean time between surgery and the interview was 29 months, the shortest being 1 month and the longest 92 months.
Six patients died in a later phase as follows: 2 (3.8%) patients died in the 12 
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theterization, and 1 patient had an examination performed in another service comprising only the ejection fraction. The mean time between surgery and the examination was 33.8±24 months. The mean ejection fraction of 21 patients was 51.5± 16.7 mL, and the left ventricular final diastolic and systolic volumes of 20 patients were 105±46 mL and 57.5±31 mL, respectively. In regard to the grafts, their patencies were as follows: of the mammary artery grafts to the anterior descending artery, 3 (50%) were patent; of the saphenous vein bypass grafts to the anterior descending artery, 6 (60%) were patent; of the saphenous vein bypass grafts to the right coronary artery, 8 (88.9%) were patent; of the saphenous vein bypass grafts to the diagonal branch, 3 (60%) were patent, and of the saphenous vein bypass grafts to the marginal branch, 8 (66.7%) were patent.
Discussion
Acute myocardial infarction in the left ventricular anterior wall leads to important alterations in left ventricular shape and volume, which do not significantly improve even after successful reperfusion. A loss in the anterior wall and septal contractility occurs, leading to dilation of the nonimpaired muscular mass as an adaptive mechanism to maintain systolic volume. This remodeling causes progressive left ventricular dysfunction and subsequent congestive heart failure. This fact, even in the absence of significant symptoms, focuses attention on surgical repair as a possible treatment for patients with this type of lesion akinetic areas, as reported by Dor et al 5 . This more physiological technique alters factors that influence the Laplace law, reduces the left ventricular cavity, restores wall pressure to normality, prevents septal paradoxical movements, and brings about an improvement in the hemodynamic and clinical conditions of the patients. Studies have already been published confirming these findings 4, 5, [14] [15] [16] . The technique reported by Cooley consists of opening the aneurysm area and suturing a Dacron graft between the normal endocardial area and the fibrous area, which is excluded without resecting normal myocardial structures. This surgery allows revascularization of the impaired area.
In a quite different way from that recommended by Cooley, we used a bovine pericardial graft to exclude the akinetic or dyskinetic areas after acute myocardial infarction. This way, we were able to exclude distortions produced in the septum without resecting the viable myocardial wall, allowing the associated revascularization of the anterior descending artery when necessary. The bovine pericardium, which is a more malleable tissue than Dacron is, acts like a cover for the impaired wall, not allowing its dyskinetic movement, therefore increasing left ventricular stroke volume.
We attributed the high index of occlusion of the grafts to the anterior descending artery to the fact that we implanted mammary artery or saphenous vein bypass grafts whenever that artery was patent, independent of its distal bed. Most of the time, the anterior descending artery was located in the fibrous portion of the left ventricular anterior wall, and we intended to use the patent anterior descending artery, even in fibrous areas, as a tube to irrigate the septum through its septal branches.
In conclusion, the repair of left ventricular aneurysms and akinetic areas with the endoventricular patch plasty and endoaneurysmorrhaphy techniques using bovine pericardium showed an increase in left ventricular ejection fraction and a reduction in left ventricular volumes. These values were not statistically significant perhaps because of the low number of patients with pre-and postoperative catheterization ( fig. 4) . The early mortality rate was low, 7.6%, which is acceptable according to the international literature [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . A significant clinical improvement in the patients was observed in both the dyskinetic areas and akinetic alterations.
